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 Abstract 
             The effect on the geomagnetic field of the total solar eclipse was observed 
       at  Suwarrow Island in the South Pacific Ocean at the time of total solareclipse of 
       October 12, 1958. 
             The celipse ffect was observed very distinctly. 
             The decrease in the intensity of the horizontal component at the time of 
       total eclipse is illustrated if we consider that the conductivity of the ionosphere 
       is decreased to 58% that of the normal day. 
 I. Introduction 
   The question of whether a solar eclipse has any influence on the geomagnetic field 
has been one of the important problems on geomagnetism since the beginning of the 
twentieth century. 
    In particular L.A. BAUER, VAN BENMELN, CHARLES  NORDMAN and C. CHREE have 
made efforts on this problem in the early part of this century, but since S. CHAPMAN 
estimated the possible ffect of solar eclipse on the earth's  rnagnetc field, this topic has 
attracted attention again. 
   Recently E. EGEDAL and N.E.  AMBOLT (1) examined the effect of the solar eclipse of 
June 30, 1954 on the geomagnetic field. 
   The author (2) observed the effect of solar eclipse on the geomagnetic field at 
Ceylon at the time of solar eclipse of June 20, 1955 and was successful. 
   To confirm again the effect of solar eclipse, the author observed the changes of the 
earth's magnetic field at Suwarrow Island in the  South Pacific Ocean at the time of 
total solar eclipse of October 12, 1958. 
   Actually because of the veryfavourable calm condition of the magnetic field at 
that time, the author succeeded again to observe the eclipse effect on the geomangetic 
field very distinctly. The decrease in intensity of the horizontal component of the 
earth's magnetic filed due to the effect of the solar eclipse is recorded on the 
magnetometer so distinctly as to leave no room for doubt. 
   The decrease in the intensity of the horizontal component is illustrated if we con-
sider that the conductivity of the ionosphere is decreased to 58% that of the normal 
day.
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2 The effect of solar eclipse on the geomagnetic field 
    Fig.  1. is the map of total solar eclipse of October 12, 1958 and the condition of 
the eclipse and the situation of Suwarrow Island is as follows. 
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                Fig. 1. The map of total solar eclipse of 12 October, 1958. 
    Geographic Latitude  yo  =S. 13°14'40" 
    Geographic longitude X=W.  163°06'13" 
       (Surveyed by Suzuki andTokuhiro, October, 1958) 
       1st contact  7h43'400.9 165°W. L.M.T. 
    2nd "  8h55'05s.0  , 
   3rd "  8h571575.0  ,
    4th "  101518'450.4  ,
    The absolute value of the geomagnetic elements areas follows. 
    Declination 
       11 October, 1958 21h03m 11°15'9" E 
       14 October, 1958  16h08m  11'18'7"E
        Horizontal Component 
       13 October,1958 23h38m 34456 y 
       14 October, 1958  16h461n 34456 y
   Dip 
       13 October, 1958  20'152' 25°24'9" S 
        (165°W. L.M.T.)
,•____,        __ 
6h-.,===.-h.=..-.-=,h--r--.--,===9h==,---=-,--h--,_h.-----h==-•hm_-_,=_=-7h_-_z_.-.=h.,==.-.....                                                                                                                      -------h,=====    ------ 7='-====  8--2 = -----=- 7 =                                             =--9-'='=: 10== 11 7=12----.---==- 13==.,.=- 14--===15===-16n-==7--=M17=====        A ===f =  .11M=a.=.==.71=== ====. r="'"mn^==.,====          .7
1Mr." :47  0  C  T.11,  1958 165° W. M .T. -                                                                                                      ----,.."---"r ....L....=- -                                                                                                                                                                                                                                ^"'"'"-. ..^                                                 .-..-.^.., ..^•••* •=i= '                                                                                                                                                                                 ,I==
_. 
                 1.1•INFIRREIM111M.^ .:ZW - _ riw                                     -  -71.^- 
        1.^--f 50r I/^/                                                                                                                                                                                                                                                                                                                                                                                                                                                                               2•N                                                                                                       i.-,.. ,....^•^www•mmi^rbrEr.smer^ 
 _..-__.-u.7.-,••t=NOIMM1•1!••••1^1^NONMa^.^^•^• 
 4^IMMUNIIIM_ 
         .--•••..- ."....- I ••=. 
                                                                         ...ma IM^! IME =•   -• ,.... 
       .,.._won. =  ....'.....,.. 
 MIIMIII^=1.•=•.-IMi-  -  -                                                                                                                                                                                                                                                                                                                                                                                                                                                                       =...6,....,••^=01 
        1....^ 
 MENR•^^^••^^11MMI--_, = 
 =.1•^^•••NYINNalftlb^  =IMPRIMMM .1^1^^^••= 
         1^1.1^.1.•^^•=1   IMMI.m 1•111!MIM•f^- = 
                                                                                                          =••^•••^=^. 
                                                                                                                 OCT.  12,  t958 ===-._    -----          OCT. 11, 1958    Im...===."'"'"'" .^....,.....--.^..............^,..w^...=        h-h-=.7ilr=====ir====lir---- ,_-_31r.==„-=                        T------=-.=.,--h-="4-h=--hv"."."-=--41-.-.===-_-=.-,-..h----v-•-...--==.---==.---=--W---=Mi --"=  
                      
I7 GNI.=.,t4-'_18-....-r-.----.•19----=---=-T--, 20ve--....--""----7...- 21 -vi..-.-'1-=.=_.=_-_-:_-_•uG.M.T.va...---7,=== ..====.1.---- 
-------___ 
                  3-I-AY-Jo'.Nj).".° IHOV-111-1.*2                                                                               881-MOO••ON 1.HOif4v1IHPI4.:63' - ".. . ON "M.IHOV-1-1/-1r} 
 tx  cl.  Ni  CD   AI ...                                                                               0 +-. rjI=4,'  ..  "   CO  4.  et  0. 
                                                                                                 ..m^^•^^•••••^^-^^• .. ^••^^•^••^•••=1,===.,^.p..^•^^^•,,....................,...........,,n,......^................1=110YOMVIN11,===7......,..,.......==z...==..,.,...=,.. ......,............,....,===     ===,-..-==h.== h====.""' ." .• ===='h.^•^=1111V,^,‘Fas=i1,=.45V= .1V=,..,..,h--_.,.....111r.11WW•,^,^•   .mi^im.^-                  -.----- -8--.7.----- 9A:Wm.=.:.&-,10la7:-=.'--=---A^^••^••^^                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   ^•^^                         _..=1^=11^^^•^•^^•^^^^./Myyym^ra^••;16---,=__^'^.,^,.1         ^^•^^•^^•^•••=1"==='7.1^11^•• =1= 
                   .1••^^•1* 
 .W.F.=7OCT.12,1958165°W.M.T.   =IE=                                                        MXMIn11.11,1^1^MINW^^^=• ======1,                                             ....11=1•11•••=7= l^ff.^.•••la!                           11=^,---aw-..-.._..ra,             =Yang& 
                                                                                                                                                            ,M7.1=1111,1•^=2- M=M••^--.wan-M/MMI•I^       =//NEVI^..=,............,^^^•50 rf=       = ...=.....1••^1.-..1^I^^=                                                                                                                                             ,===*MINEIMMIMMIMENIINI^Mm•^•^••1•MI•e1^^•                                                                                                                                                                                                                                                                                                                                                                                                                                   .,.                                            ..1.-AMININMth=IMININII^= ._MM1==.1•1m.^ •^•1..mININU=ININENI 
        = = =,:aa===4'"C0N TACT                            i^^^•^^1111111^^==...-,                                                              =                                                                                ^I^MENE^M^IIMNI• mi•MMIMI^i••^•1111=^.^IMM^1^1•Mi...._.1^==i^                                                                          ^••=......^=1=======                =,---...:,-..-T-2••^•^^•^••••^^ ^INN11.1110NIIN• NM=                                                                                                              ./...1111•MINEallIMO.,,IMOMIMIII,..1^•^•=1MI^MINN.21h19mG
.M  ,T..1.11..11.M...=.1== Wia=11•••••^MEM                                                                                                               _...•^^^•^•^•••=11^^==...-.-7..7....^                                          IMIMMII.O. MM.= =1^11MEMIMMEMINNINI^C^111,111.111111.1•^^^MIMII=                                                                                                                                              Wilm^i^•=! 
                  = M...-..: = WNW -mills •NI                                        M^1111 IMIIMINM1^11^1^111.1=r--=MMIMMIN••^^.11•^••••^^ 
                      =,AMM.OMM.:=1"'''Srld:=rd ,CONTACT                       -2CONTACT , 3__=.---.-=-----------=...........---.......-...--- 
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           .....,
, 
                                                                                                                                                                                ==.•••••^=•===^10......M1•1^1=.
...=.....=MIIM.= 
                                                                                    ..,,.. 
  =In....^,t19G
.M  .T.  • 19h=r.=....^nmmim^IMMMEIMMEMNI^Mm=•^^                                                         ^.---.N.Y.MINUMMIM                         ."'='=""1'CONTACT-1155mh58mG.M.T.                                                    M l=.1^6^•=1".                                            =                                                                               _. 
 ===.  hM  : 4 G. M. T. = ===1_=11MMI=1•^••^•la                                                                                                                                                                                                                                                                  MONNEk=1001^••^••^^^^^11114^1.    MIMMIL^••^^^^••Mddik.......1•1=MEMM.^^•^=1K====••••^•111.^  MINNIIMMIn^^••^^^MINIUM=                                                                                      = '''''n  OCT .  13,1958        -4====."-= . OCT.12,19 ; -= 
                                                                                                                                                                                                                                                 411..•,^•,......."."i.•,.........WM1...=1..l^..==.•..arEli===1•=01=      ====••••^•.^^^•^.•^^^^••••^•^^11_                               hlibl•MML^.^ri'''',^1==h'.^.'"A^MIMMINIIR=WINIR7='..1.1                                                                        •^•^•^•10G.M.T.-..                                       ......_....=20-,=..-7:.-_= =W._=_ ----.=,-.=-_.=_--....-.=.-__,=._-"----__.-'....L....=.7...... . ,==..,..„..,...            "M^••••^^^^ S3 1 ^ OGON••^••^0^^•^^^1,,......,..................INNII^MINI^                   /W•J.LIVHONoviiH,7,,*                                           *9.-AV°. •ON 1.". IHOV-1.1H ^  . *g=.                                                                                           -AVOCI•ONlUVHO  1HOVIN I * * 
 al  D.  '.4  CD  .0 .-.  0   73.1  Xi.  ...  P4  Ca  b.  al 
                 wiwow^larmr,^^^•^ =^^^^^^^••^^-am va^Twa.mrli,ww,..1a140..,=,..^^^^•••^^=1.^. ....+.^................... ^ • ^ ^ w = .NI =wl^ • I•  • 1,=====. ,............................... . . . . . . . .......... ............ .=.....^^^•^•      ^111.^+ , IMAN^ = =NM • = == , . ^ .=14I1ICII.V..,415rr ....==1.M.=                   r/1M...".ff====nii&Mff=r oh ---..----'9h-=-=toh==='.rAM.1.,M./A.M..,                                                                                                                            ^I,^^^.001P•PlI1     _---MITTAIWEia716riIff---.W-I 
  ===11NM^•^•.1^PI111=•^^•^••^^•^^•^^^^•^•^•0,^,======.,                                    =======.......                                              
...=,,.                      =    ''
MN'"0  OCT. .13,1958 165° W.M.T. =--.... -------=--------=N-                       ------------m.--m=.-2=m--                   -                                              ,.^-_,,, zr.-.,,,^.=:                                                                                                                                     Mw="1=           ir,,IN•ww,, . = •^^111^••^^^ No I ..M.. ....i=r                         /•,^ = •.=-7-.,,,••^^•Www0,'r=             
,-----__=---5O               ,......,...__m_...                ===1^1•1                                                                                                                                                                                                                                                                                                                              Mi.M......MIMI1.^ 
                                                                                                                                                                                     .,^      ^N^r..I MIMI       ..,... N.,. f=                                                                                                                       ..MI^ 
                                                                                                                                                                                                                                                                                                                   =IMIllmdiMOMI.- -..• _.         1=1•Mida^=1,...1----'=  ....,.               •-,^^^'"-..-•••-ft•^•....../Mila...,....aliMMIMMEINIFMN     1/,.... M.IlLin^ 
 IMMIM^.•^^^^•••••^^IMMSVIM.1^R^•^•= 
 IEL^W"..= 0 C T. 13,1958-.1M••••• OCT.14,1958..=1•1•0•1•MM.0.0^^^ 
         =4•^••••^^^^1•4                           r,m;-=',_...._71h-.'=--"r-----.=10hV--V.M.0(-th-,M=WAIFIN'=----2-Ah--4===-hr:.       ,,h--r,=-41r1===.Mr =''''W="..W.=                                                                                      =====...^..a==.1^.==in•^..1..^1•^••                         il,,,,,,..,,^.,8______-,.==,1/4,,.._=„.„,.......,..,.--._0,..m.T......-...,....==.^^^...^•^•••      .==== ^••^•••^•m^•^     .•••^$.1-AVOO -ON.LLIVHOI H •,,, I H,F,r=I- AYOG •ON ,I1VNOiHovii El ,                                                   fill-AVM -ON JAWHOIHDy j _IH 
 Fig.  2
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   Fig. 2 is the record of horizontal component of the visual magnetometer of the
 TOhoku University type which was specially constructed for this eclipse expedition. 
   The new type magnetic variomenter consists of two parts, one is themagnetic 
detector which is made of ferro-magnetic material and the other is the electrical device 
and recording part. 
   The magnetic detector consists of a core of easily saturable ferro-magnetic 
material of high permeability with external winding to  which  is applied an alternating 
current that produces an alternating magnetic field to drive the core cyclically through 
saturation. 
   If an external magnetic filed  H, which we must measure, is applied also to the core 
the total filed is increased uring one half the cycle and decreased uring the other 
half. 
   Then the amplitude of the wave form of flux density become asymmetrical, 
because the so-called B-H curve of  ferro-rnangetic core has a character of point 
symmetry. In other words, there is a proportional relation between the intensity of 
the magnetic filed  PH) and the amplitude difference between the positive and 
negative amplitudes of flux density. 
   When a suitable and saturable alternating magnetic field is driven to the primary 
coil of the ferro-magnetic core, the output voltage of the secondary coil is proportional 
to the differential value of flux density for the time. 
   If we use the alternating pulse whose width is narrow enough compared with its 
period as a carrier wave, we have the proportional relation between the magnetic 
filed and the difference in positive and negative pulse amplitudes of the output electro-
motive force of the integral circuit. 
   Therefore the output voltage of the magnetic detector is transfered to the in- 
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tegral circuit and then the integral voltage is amplified by the amplifier. In the 
differential detector, the output voltage of the amplifier is converted to direct current 
which is proportional to the difference in positive and negative pulse amplitudes. 
    We can record easily the changes of the earth's magnetic filed with a pen-writing 
 recorder. 
    The records of horizontal compoment, obtained by this  visual magnetometer is 
shown in the figure. Fig. 2 b show the records of horizontal component of teh earth's
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magnetic filed of the total eclipse day, while Fig. 2 a and Fig. 2 c is that of the preced-
ing and succeeding day of the eclipse day. 
   On the other hand, we observed the changes of the earth's magnetic field by the 
ordinary magnetometer and the records are shown in Fig. 3. 
   The effect on the earth's magnetic filed of the solar eclipse was observed very 
clearly as shown in Fig. 2 b or Fig. 3.b. The remarkable decrease of the horizontal 
component at the time of eclipse is very clear and this is undoubtly the effect of solar 
eclipse. 
   The amount of maximum decrease of horizontal component is about 12 y and it 
recovered at the time of the end of the eclipse. This remarkably pronounced effect 
of the solar eclipse is our first experience. 
3 The analysis of the effect of solar eclipse 
   Fig. 4. shows the  adjusted daily variation of horizontal component which was 
calculated by the same method, adopted by J. Egedal (3) using the value of daily varia-
tion of horizontal component of the 
eclipse day assuming the normal 
curve during the time of the eclipse. 
   As Suwarrow Island situated 
near the geomagnetic equator the 50 
amplitude of daily variation is very r:C 
large.  3C 
   The value of horizontal corn-  20 
ponent is expressed as follows.  i0 
       =  0+ (t)  0Meallirar.  I6 70  /0 /2  4  '6 10  IC  22  Id 
                                                                                            /55LVIT                                                                                    -10 
 Ho is the constant field due to Fi
g. 4. Daily variation of horizontal component th
e earth's internal field and  JH  (t) is on eclipse day at Suwarrow  Island. 
the external field. 
   If we consider that the  4H(t) is caused by the intensity of the electrical current 
in the ionosphere, then we have 
 4 H (t)  co I (t)  = K (t)  4  E  (t) 
where, K(t)  d  E  (t) is the conductivity and the electric field in the ionosphere. 
 4H(t) at the earth's surface is produced not only by external cause but also by 
internal cause, then we have 
                   H  (t) = 2  7-eK  I (1) where K fl-z.  1.0-1.3 
 =  2  7r  K  K  (t)  E  (t)  .
   If we put 
               K (t)  Ko  E  {  1  +  y„ cos  (n  t+8„)  } 
 n-1 
                27r KKo  d E (t)  E  a,, sin  (n  I+  0„) 
                                                                   1Z=.1
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 A H (t) C0+  E  C„ sin  (nt  +  En) 
 n=1 
then we have 
 Co+  E  C„ sin  (nt+  en) 
 a„ sin (nt  +  6  „,)}  {1 +  E  y„ sin  (nt  +  „)} 
    Since the coefficient  C„(n>1), and  En, is obtained by theobserved curve of  H, 
we can get these coefficients. 
    By Furier analysis 
                     H  =  Co*  +  E  Cn*  sin  (nt—e„*) 
 n=1 
    We can get CO* and  C„* =C„,  En*  =En,  (n1) 
    Then we have constant value  H  0=C  0*  —Co and the coefficients. 
      0 1            2 3 
 Cn*(`Y) 34473.67 33.46 16.03 2.47 
 C,(7) 17.08 33.46 16.03 2.47 
                            272.6°  103.0° 301.2°
 a„  32.04 3.91 
 ei, 269.6° 198.5° 
 71t 1.07 0.12 
 6,  180.0°  0° 
 H,  = 34456.59 7 
    Then we can obtain the daily variation of conductivity corresponding to Sq 
 current flowing in the layer (E layer) above Suwarrow Island that is 
 K  (t)  =  K,  (1-1.07 cos 1+0.12 cos  2  t) 
    While H.  MAEDA obtained the conductivity using the data of Huancayo, as, 
                 K (t) =  K, (1-1.15 cos 1+0.42 cos  2  t)  . 
    On the other hand, the author and K. YOKOTO obtainedthe following expression 
 using the data of Ceylon, 
                 K  (t) = K, (1-1.30 cos t+0.63 cos 2 t) 
    These values are shown in Fig. 5. 
    Next, we estimate the decreaseof electrical conductivity due to the effect of the 
 solar eclipse. 
    Fig. 6 shows the deviation of the horizontal component of the earth's magnetic 
 field at the time of passage of the solar eclipse from the normal value of daily variation. 
    As the figure shows, the curve of the deviation of the horizontal component at the 
 time of passage of the solar eclipse is not symmetry. This is caused by the returned
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    Fig. 5. Daily variation of electrical Fig. 6. Deviation of the horizontal component 
conductivity of ionosphere (E layer) at the time of eclipse day from that of normal 
above  Suwarrow Island. daily variation. 
current of the distorted current of Sq cur-  Adjusted  vareaton of  di -  OH  - all' 
rent which is produced by the decrease of  &giant  ng  Total                                                 eclipse Ending 
 09h !Oh  0r  ~8h  conductivity  of  the  ionosphere  in  the 
 eclipsed  area. 
   To avoid this so-called after effect of  sr 
the eclipse, we adopted the mean value of 
two values of the time between the max- 
imum deviation and is shown in Fig. 7.100 
   This is the effect of solar eclipse on 
                                                   Fig.7. Effectofsolareclipse on the the horizontal component of the earth's                                                  horizontal component of earth's magnetic 
magnetic field. The maximum amount of field at Suwarrow Island. 
decrease of horizontal component is about 
12  y and the time of maximum decrease is delayed about 10 minutes from the 
maximum phase of the eclipse. 
   According to the  CHAPMAN model of effect of solar eclipse, we assume that I 
and K is the normal current and normal conductivity of the ionosphere and I' and 
K' is the current and conductivity of the ionosphere during eclipse time, then we have 
 4H=  27-1-  I  , 4H'  =  2  n-  I' and  6H  4H—A  H' 
where I' =  2  K'I   K+K'
then we have 
                    K'  4H-8H  
                   K  4H+811
   Fig. 8 is shown the value of  K'  /K, or the changes of conductivity of the ionosphere 
during the eclipse time. 
   The conductivity is decreased to about 58.6% that of the normal day at the 
time of maximum phase of eclipse. 
   Fig. 9 shows the ionospheric data of  foE (in  M.G.) at Rarotonga Island (21° 12'  S,
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   Therefore at the eclipse time, we have 
 dN                    f N2
                     d t 
   If we assume the value of recombination coefficient a, we can calculate the number 
of electron density N. 
   Fig. 11 shows the calculated value for various values of the recombination coef-
ficient. As the figure shows the observed value is in good accordance when we take 
 10-9  cm-3  sec-1. 
   This value is rather smaller than that obtained by rocket measurement. 
   On the other hand we can calculate the conductivity of the ionosphere at the 
eclipse time if we assume that the conductivity depend upon the number density of 
electron. 
   Then we have 
 K'  N'  
 K  N 
and the value of  K'  /K is shown in Fig. 12, and it shows that the maximum decrease 
of  K'/K is 59.4% at Rarotonga. 
   Therefore the maximum decrease of the value K/K' at Suwarrow Island, that is 
58.6%, calculated by the changes of horizontal component of earth's magnetic field is 
a very reasonable value. 
Conclusion 
   The effect of solar eclipse on the geomagnetic field was observed  successfuly at 
the time of solar eclipse of September 12, 1958 at Suwarrow Island in the South Pacific 
Ocean. 
   The  maximum decrease of horizontal component at the time of totality is about 
12 y and the electrical conductivity of the ionosphere (E layer) decreased to 58% of 
that of the normal day. 
   Finally the author express his sincere thanks to Mr. T.  Fuji', Captain of the 
observation ship "Oshoromaru" and Mr. J. BEST, the laison officer of the Goverment 
of North Cook Island of  Ner Zealand for their kind help which we had received during 
the observation trip. 
   The author express his thanks to Mr. S.  AKASOSU who accompanied him to Island 
and assisted the observation, and also to Mr. T.  SAITO and Dr. T. TAMAO for their 
kind help. 
   The author, however, must mention that the observation was carried out under the 
kind cooperation and arrangement of the Ministry of Education of the Japanese 
Goverment o whom thanks are due.
10 Y. KATO 
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